The research was conducted during the hunting season in Poland from May to September 2012 in which materials of 58 roe deer bucks carcass, antler and testis masses were compared. In addition, the size of testes with epididymides was assessed. Significantly enlarged testes masses were observed in May till July (one-way ANOVA and LSD test). In August and September, the testes underwent abrupt involution. According to the literature and the results of this study, the enlargement of the testes which starts from the end of February, indicates that spring time is a preparatory period for the rut. On the other hand, monthly carcass mass fluctuations were not observed. There is, however, a trend suggesting that heavier roe deer individuals can display larger antler mass.
Introduction
In the recent years, many studies have confirmed the thesis that in Artiodactyla siring success depends on body size and mass, testes size and even the chemical constituents of the urine (Preston et al. 2003; Binerowska & Baranowski 2010; Rajagopal et al. 2011) . These rules also apply in the Cervidae family but here antler mass plays an important role as well. The roe deer is quite a specific species in this family due to, e.g., low sexual size-dimorphism. This is why the mating system in the roe deer is based on the territorial strategy rather than the harem strategy (Emlen & Oring 1977) . Cervids that form a harem during the mating season are more sexually dimorphic in body size than males with monogamous mating systems or with territorial polygynous mating systems like the roe deer (Weckerly 1998; Pagon 2010 ). However, as Vanpè et al. (2010) claim, also in this species both body mass and antler length have a positive effect on male yearly breeding success. In the light of the above data, it is worth analyzing body mass in bucks throughout several months until and after mating. During the rut, the organism of the male is particularly stimulated, which is evidenced by enlarged testes and mineralized and hard antlers. The aim of our study was to present changes and possible interrelations between testis parameters, body mass and antler mass in the course of several months.
Material and methods
The tested material comprised males of the roe deer bagged in four months during hunting season for the animals in Poland, in the same calendar year (2012). The study area is the agriculture lowland with 30% of in-field forests, in Wielkopolska Region, near Kórnik (W Poland).
Overall, 58 individuals were studied; May: n = 28, July: n = 11, August: n = 8 and September n = 11. Each buck was characterized by 9 parameters (Table 1) . In each case, the head was dissected from the carcass at the level of the first cervical vertebra. Then, the eviscerated carcass was weighted. The head and antlers were subjected to maceration, which was followed by weight determination. The parameter which for the purposes of the present study is referred to as "antler weight" in fact comprises the weight of antlers and skull.
In post mortem conditions, the circumference of the scrotum was measured. Then, the right and left testes together with the epididymis were dissected. In the next stage, the testes were weighted. Each testis was subjected to the following measurements: length, thickness, height and circumference. Since the epididymis is anatomically connected to the testis, its length was also measured.
M. Jakubowski et al. Explanations: ns not significant; *** P ≤ 0.001. In the study basic statistics (one-way ANOVA and LSD test) were used. Analyses were conducted with the use of Statistica ver. 10.0.
Results
The mean values and standard deviations with respect to the investigated traits were presented by month (Table 1). Next, one-way ANOVA was conducted. The grouping variable was the month when a given animal was bagged. There were no significant differences observed for the carcass mass and antler mass. However, the analysis showed that bucks from particular months differ as to all testis parameters and scrotum circumference. These traits were analysed in a post hoc LSD test. Between most of the analyzed months there were differences observed at the significance level of P ≤ 0.01 or P ≤ 0.05. All the testis traits presented the same pattern of changes. Figure 1 presents this trend on the example of the testis mass. Interesting is the correlation between length, thickness and height of testes. It was significant reduction of mentioned parameters in August and September in comparison to May and July. When it comes to length of epididymis -it was very similar in May, July and August. Length of epididymis decreased in September.
Discussion
It is known that the roe deer, as a seasonal breeder, reaches the highest mass and size of testes in the mating period, which is between mid-July and mid-August. Therefore, just as we had expected, testis parameters in bucks presented the highest values in July. However, we observed their abrupt involution already in August. Blottner et al. (1996) proved that enlargement of testis depends on increase of testosterone level. Schams & Barth (1982) write that increase of testosterone level starts with occupying of the territories and begins even in end of February. Our study showed that bucks bagged in May had much heavier and larger testes already at that time compared to August and September. This was very clear because even the scrotum circumference turned out to be significantly higher in May compared to late summer and fall. This means that intensified physiological processes in testes can take place several months before the mating period. However, spermatogenesis takes place only in the latter period. Thus, the increase of the testis parameters in spring, confirmed in our study since May, indicates hormonal activity of the organs. Our observations were also confirmed by Roelants et al. (2002) and HombachKlonisch et al. (2004) , who found a high level of gonadotropins and INSL3 (Isulin-like Factor 3) in the serum of the male roe deer in spring. These observations prove the existence of over a 3 month rut preparatory period during which differentiation of Leydig cells and gradual increase in testosterone production take place in the testes until the peak in early August. In this period also tubuli seminiferi contorti develop. Testosterone production is also related to antler hardening.
Despite changes in testis size and in testosterone concentration, indicated by other authors, in our study we did not observe significant differences in carcass mass of the analyzed males in the investigated months. It is a rather surprising conclusion as the daily activity of the roe deer clearly changes depending on the season, especially in the mating period. On the other hand, Pélabon & Van Breukelen (1998) observed the correlation between other factors like environmental stress and population density as those which influence the increasing carcass mass and antler mass. Komosa et al. (2013) evaluated changes in carcass mass and antler mass in the roe deer in three consecutive years and observed a medium correlation between those variables (r = 0.43). Vanpé et al. (2007) reached a more radical conclusion, stating that only the heavy bucks can afford long, costly antlers.
